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FIGURE 22-5 Scquence showing
electric and magnetic fields that
spread outward from oscillating
charges on two conductors (the
antenna) connected to an ac source

(see the text).
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Now we look at the situation of Fig, 22-5, where our antenna is connected to
an ac generator. In Fig. 22-5a, the connection has just been completed. Charge
starts building up, and fields form just as in Fig. 22-4b, The + and — signs in
Fig. 22-5a indicate the net charge on each rod. The black arrows indicate the direction
of the current. The electric field is represented by red lines in the plane of the page;
and the magnetic field, according to the right-hand rule, is into (®) or out of (®)
the page. In Fig. 22-5b, the voltage of the ac generator has reversed in direc-
tion; the current is reversed and the new magnetic field is in the opposite direction.
Because the new lields have changed direction, the old lines fold back to connect up
to some of the new lines and form closed loops as shown." The old fields, however,
don’t suddenly disappear; they are on their way to distant points. Indeed, because a
changing magnetic field produces an electric field, and a changing electric field
produces a magnetic field, this combination of changing electric and magnetic fields
moving outward is self-supporting, no longer depending on the antenna charges.

The fields not far from the antenna, referred to as the near field, become
guite complicated, but we are not so interested in them. We are mainly inter-
ested in the fields far from the antenna (they are generally what we detect),
which we refer to as the radiation field. The electric field lines form loops, as
shown in Fig. 22-6, and continue moving outward. The magnetic field lines also
form closed loops, but are not shown since they are perpendicular to the page.
Although the lines are shown only on the right of the source, fields also travel in
other directions. The field strengths are greatest in directions perpendicular to
the oscillating charges; and they drop to zero along the direction of oscillation—
above and below the antenna in Fig. 22-6.

FIGURE 22-6 (a) The radiation fields (far from the antenna) produced by a
sinusoidal signal on the antenna. The red closed loops represent electric field lines.
The magnetic field lines, perpendicular to the page and represented by blue @ and ©,
also form closed loops. (b) Very far from the antenna, the wave fronts (field lines)
are essentially flat over a fairly large area. and are referred to as plane waves.
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The magnitudes of both E and B in the radiation field are found to
decrease with distance as 1/r. (Compare this to the static electric field given by
Coulomb’s law where E decreases as 1/r%.) The energy carried by the electro-
magneltic wave is proportional (as for any wave, Chapter 11) to the square of
the amplitude, E* or B, as will be discussed further in Section 22-7, so the
intensity of the wave decreases as 1/r”,

Several things about the radiation field can be noted from Fig, 22-6. First, the
electric and magnetic fields at any point are perpendicular to each other, and to the
direction of wave travel. Second, we can see that the fields alternate in direction
(B is into the page at some points and out of the page at others; E points up at
some points and down at others). Thus, the field strengths vary from a maximum
in one direction, to zero, to a maximum in the other direction. The electric and
magnetic fields are “in phase™ that 1s, they each are zero at the same points
and reach their maxima at the same points in space. Finally, very far from the
antenna (Fig. 22-6b) the field lines are quite flat over a reasonably large area,
and the waves are referred to as plane waves.

"We are considering waves traveling through empty space. There are no charges for lines of E 10
start or stop on, so they form closed loops. Magnetic ficld lines always form closed loops.
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